In this study, three Serbian honey samples (Acacia, Linden and "Homoljski med") 
ANTIOXIDANT ACTIVITY OF THREE DIFFERENT SERBIAN FLORAL HONEYS

INTRODUCTION
Honey, a nectar collected from many plants and processed by honey bees (Apis mellifera), is one of the oldest and widely used food product. The composition of honey is variable, owing to the differences in plant types, climate, environmental conditions, and contribution of the beekeeper (1) (2) (3) . Honey has been reported to contain about 200 substances (complex mixture of sugars, but also small amounts of other constituents such as minerals, proteins, vitamins, organic acids, flavonoids, phenolic acids, enzymes and other phytochemicals), and is considered to be an important part of traditional medicine (4, 5) . Research indicates that honey has functional properties in human health promotion
Total phenolic content
The total phenolics were determined spectrophotometrically by the Folin-Ciocalteu method (16) . The content of total phenolics was expressed as mg of gallic acid equivalents per 100 g of honey (mg GAE/100 g).
Total flavonoid content
Total flavonoids were measured by the aluminum chloride spectrophotometric assay (17) . Total flavonoid content was expressed as mg of rutin equivalents per 100 g of honey (mg RE/100 g).
Reducing power
The reducing power (RP) of honey samples was determined by the method of Oyaizu (18) . For this puropse, solution of honey (10-120 mg) in 1 ml of distilled water or 1 ml of distilled water (blank) was mixed with 1 ml of phosphate buffer (pH 6.6) and 1 ml of 1% potassium ferricyanide K 3 [Fe(CN) 6 ]. The mixture was incubated at 50°C for 20 min and then rapidly cooled. Following this, 1 ml of trichloroacetic acid (10%) was added and the mixture was then centrifuged at 3000 rpm for 10 min. An aliquot (2 ml) of the upper layer, mixed with 2 ml of distilled water and 0.4 ml of 0.1% FeCl 3 was left to stand for 10 min. The absorbance of the mixture was measured at 700 nm against the blank.
The effective concentration (EC 50 ), assigned at 0.5 value of absorption, was used to define specific reduction capability. Quercetin (10-120 μg/ml) and ascorbic acid (10-120 μg/ml) were used as positive controls.
Radical scavenging activity and antioxidant content
The scavenging activity (SA) of honey samples for the DPPH radical was measured spectrophotometrically using the modified DPPH method (19) . Honey samples were dissolved in methanol, and 1.5 ml of each sample or 1.5 ml of methanol (blank) was mixed with 3 ml of DPPH in methanol (0.02 mg/ml). The range of the investigated honey concentrations was 0.33-166.67 mg/ml. The mixtures were left for 15 min at room temperature and then the absorbances was measured at 517 nm against reference mixtures that had been prepared in a similar manner, by replacing the DPPH solution with methanol. The capability to scavenge the DPPH radicals, DPPH scavenging activity (SA) was calculated using the following equation: SA (%) = 100 × (A 0 -A 1 )/A 0 where A 0 is the absorbance of the blank and A 1 is the absorbance of the sample.
The effective concentration (EC 50 ), defined as the concentration of honey required for 50% scavenging of DPPH radicals under experimental condition employed, was used to measure the free radical scavenging activity. Quercetin (0.33-16.67 μg/ml) and ascorbic acid (0.33-16.67 μg/ml) were used as positive controls.
The antioxidant content was evaluated as described by Meda et al. (19) . Honey samples were dissolved in methanol (50 mg/ml) and 1.5 ml of each solution was mixed with 3 ml of a 0.02 mg/ml solution of DPPH in methanol. The blank for each sample consisted of 3 ml of a methanolic honey solution (50 mg/ml) with 6 ml of methanol. The mixtures were left for 15 min at room temperature and the absorbances were measured at 517 nm. The antioxidant content expressed as mg of quercetin equivalent antioxidant content (QEAC) per 100 g of sample and as mg of ascorbic acid equivalent antioxidant content (AEAC) per 100 g of honey was determined using standard calibration curves for ascorbic acid (0-1.67 μg/ml) and quercetin (0-1.67 μg/ml).
Statistical analysis
All measurements were carried out in triplicate, and presented as mean ± SD. Correlation and linear regression analyses were performed using Microsoft Office Excel 2003.
RESULTS AND DISCUSSION
The total phenolic contents in honeys were determined from the regression equation of gallic acid calibration curve, and expressed as mg of gallic acid equivalents per 100 g of honey. Similarly, total flavonoids in honeys were determined from the regression equation of rutin calibration curve, and expressed as mg of rutin equivalents per 100 g of honey.
The contents of total phenolics and flavonoids are shown in Table 1 . The highest content of total phenolics and flavonoids was in Linden honey. 19.78 ± 0.78 2.00 ± 0.07
Our results of phenolic content in examined Linden honey was three times smaller than in Linden honey (~82 mg GAE/100 g) obtained from the Tongrentang (TRT) Pharmaceutical Cooperation (20) . But, the total flavonoid content in Linden honey determined in our study was significantly higher than for the same type of monofloral honey reported by Chang et al. (~1.3 mg RE/100 g) (20) .
The content of total phenolics in examined Acacia honey was considerably higher than in the Acacia honey (4.6 mg GAE/100 g) obtained from Langnese Honig KG, Bargteheide, Germany (21) . In the study of Bertoncelj et al. (22) average result of total phenolics for ten samples of Slovenian Acacia honey was 4.48 ± 1.48 mg/100 g. The content of total flavonoids in the investigated Acacia honey was 2.65 ± 0.10 mg of RE/100 g. The Acacia honey from Burkina Faso had a total flavonoid content, expressed
as quercetin equivalents (QE), of 6.14 mg QE/100 g, which is considerably higher than that of French honeys (less than 1 mg QE/100 g) (19, 23) . The reducing power of the honey samples was measured by the method of Oyaizu (18) . In this assay, the yellow colour of the test solution changes to various shades of green and blue, depending on the reducing power of the antioxidant substances in honeys. The reducing power may serve as a significant indicator of its potential antioxidant activity. At different concentrations (10-120 mg/ml), the honey samples showed reducing ability (Figure 1) . The reducing power of honeys increased with increasing concentration.
Figure 1. Reducing power of different concentrations of honeys
The EC 50 values of reducing power of honey samples are shown in Table 2 . Reducing power of honeys and controls (quercetin and ascorbic acid), based on the EC 50 values, exhibited the following order ascorbic acid > quercetin > Linden honey > Acacia honey > "Homoljski med". The results for reducing power demonstrate the electron donor properties of honey, thereby neutralizing free radicals by forming stable products. The outcome of the reducing reaction is the termination of the radical chain reactions that may otherwise be very damaging. Among the investigated honeys, the highest reducing power showed Linden honey.
The EC 50 values of reducing power in our study were higher than the EC 50 values of reducing power of three Portuguese honeys, which varied from 13.26 ± 0.20 to 48.95 ± 1.61 mg/ml (5) . The presence of sugars in the honey samples which have a good reducing capacity (e.g. glucose and fructose), can also contribute to the reducing power of honey samples as well as phenolics (5). The DPPH free radical scavenging activity of the honeys increased with increase in concentration. (Figure 2 ). The highest SA values were found for Linden honey, while the lowest was observed for Acacia honey.
Figure 2. DPPH radical scavenging activity of honeys
The EC 50 values, determined on the basis of DPPH radical scavenging activities of honeys, ranged from 24.17 ± 1.09 to 164.09 ± 7.38 mg/ml ( Table 2 ). The highest DPPH free radical scavenging activity showed Linden honey. In the study of 27 samples of natural honeys, Meda et al. (19) found that the EC 50 values ranged from 1.63 to 29.13 mg/ml. The EC 50 for quercetin (0.86 ± 0.04 μg/ml) and ascorbic acid (1.71 ± 0.07 μg/ml) were similar to the values obtained in the study of Meda et al. (19) for quercetin and ascorbic acid, which were 0.87 ± 0.06 and 1.80 ± 0.43 μg/ml, respectively. 
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Using the standard curves of ascorbic acid (r = 0.9996) and quercetin (r = 0.9998), it was shown that the antioxidant contents in Acacia honey, Linden honey and "Homoljski med" were 1.00, 5.45 and 2.99 mg QEAC/100 g, and 1.43, 7.82 and 4.29 mg AEAC/100 g, respectively. The investigation of antioxidant contents of 18 multifloral honeys showed that the values varied from 4.27 to 17.30 mg QEAC/100 g, and from 10.20 to 37.87 mg AEAC/100 g (19) , which are similar or smaller compared with our results. The correlation between the two sets of antioxidant contents determined in our study was 1. The correlation existed between the scavenging activity (1/EC 50 ) and QEAC (r = 0.9991) and between the scavenging activity (1/EC 50 ) and AEAC (r = 0.9992). Also, the correlation between the reducing power (1/EC 50 ) and QEAC (r = 0.8283), as well as between the reducing power (1/EC 50 ) and AEAC (r = 0.8281) was high. The correlation between the reducing power (1/EC 50 ) and total phenolics was 0.9003 and between the reducing power (1/EC 50 ) and total flavonoids was 0.9984 ( Figure 3A ). In the case of the scavenging activity (1/EC 50 ), the correlation coefficients were high for total phenolics and total flavonoids (r = 0.9946 and r = 0.8787, respectively) ( Figure 3B ). For the comparison, in the study of Meda et al. (19) the correlation between the two sets of antioxidant contents was 0.993. Тhe same correlation was found between the scavenging activity (1/EC 50 ) and QEAC (r = 0.95) and between the scavenging activity (1/EC 50 ) and AEAC (r = 0.95). Тhe correlation between the scavenging activity (1/EC 50 ) and total phenolics was 0.5, while between the total flavonoids and scavenging activity (1/EC 50 ) there was a negative correlation (19) .
Many authors reported that total phenolic and flavonoid content are strongly linearly correlated with the antioxidant activity of honeys (5, 12, 24) . This study indicated that the antioxidant activity was not fully due to phenolic compounds alone. Although individual phenolics may have substantial antioxidant potential, there may be synergistic or antagonistic interactions between phenolic and non-phenolic compounds. The other constituents (e.g., ascorbic acid, α-tocopherol, carotenoids), as well as the synergistic effect among them could possibly contribute to the total antioxidant activity. More studies are needed to evaluate as to which of the phenolic constituents are responsible for the antioxidant activity of honeys. Since the honeys are very complex mixtures of many different compounds with distinct activities, the role of non-phenolic compounds which are important for the antioxidant characteristics, also needs to be investigated. Amino acids are also one of the antioxidant components in honey. The antioxidant activity of some free amino acids (histidine, taurine, glycine, alanine) and their combinations have already been shown (25) . It has been demonstrated that the correlation between radical scavenging activity and proline content was higher than that between radical scavenging activity and total phenolic content (19) .
CONCLUSION
In this study, total phenolic, flavonoid and antioxidant content, as well as in vitro antioxidant activity of three Serbian honey samples (Acacia, Linden and "Homoljski med") were determined.
The content of total phenolics (27.44 ± 1.05 mg/100 g) and flavonoids (9.78 ± 0.38 mg/100 g) was highest in Linden honey.
The highest reducing power and DPPH free radical scavenging activity showed Linden honey. The EC 50 values of the Linden honey, determined based on reducing power and DPPH radical scavenging activity, were 24.17 ± 1.09 mg/ml and 51.34 ± 2.31 mg/ml, respectively.
